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TAMAKIetal. Atty. Ref.: 925-319 

Serial No. 10/531,085 Group: 1793 

Filed: April 1 1 , 2005 Examiner: C. Koslow 

For: OXYNITRIDE PHOSPHOR AND PRODUCTION PROCESS THEREOF, AND 

LIGHT-EMITTING DEVICE USING OXYNITRIDE PHOSPHOR 
*********** 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Rule 1.131 Declaration of Keiichi Goniou 

I, Keiichi Gonjou, am a Japanese Patent Attorney with Aoyama & Partners of 
Osaka, Japan, authorized to act on behalf of Nichia Corporation, assignee of the 
entire right, title and interest of U.S. Patent Application 10/531,085 (hereinafter "the 
'085 application") and hereby declare as follows: 

1 . I am responsible for the prosecution of the '085 application as well as the 
PCT application from which the '085 application claims priority. 

2. The inventions contained in the '085 application, as reflected in the 
attached amended claims (see attached Exhibit A), were conceived prior to (a) the 
effective date of U.S. Patent 6,717,353, entitled "Phosphor Converted Light Emitting 
Device" and issued to Mueller et al., and (b) the effective date of U.S. Patent Application 
2005/0205845, entitled "Luminescent Material, Especially for LED Application" filed by A. 
Delsing et al. These two references were cited by the Examiner singly or in 
combination against the claims of the '085 application in the Office Action dated 
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November 29, 2007. The earliest effective date of the Muellar patent is October 14, 
2002 and the earliest effective date of the Delsing application is September 23, 2003. 

3. The earlier conception date of the attached amended claims is established 
by the attached copy of a Laboratory Notebook (Notebook) wherein inventors, H.Tamaki 
et al., describe their inventions reflected in the attached amended claims. See Exhibit B 
and Exhibit B1 (an English translation of Exhibit B), attached hereto. The inventors' 
Notebook pages were signed by the inventors prior to October 14, 2002. 

4. In addition, the inventions disclosed in the Notebook pages were 
witnessed in other contemporaneous documents by notaries Mr. Takahide Yashuda and 
Mr. Kouichi Kusano prior to October 14, 2002, as evidenced by their seals on Monthly 
Reports that were drafted on the basis of the inventors' Notebook pages. See Exhibits: 
C, C1 (identifying Mr. Yashuda's seal), and C2 (an English translation of Exhibit C); D, 
D1 (identifying Mr. Yashuda's seal), and D2 (an English translation of Exhibit D); E, E1 
(identifying Mr. Kusano's seal), and E2 (an English translation of Exhibit E). 

5. In addition, Mr. Eiji Ogawa, the President of Nichia Corporation, witnessed 
the Monthly Reports as show by his signature on page 2 of Exhibits C, D and E dated 
prior to October 14, 2002; Mr. Kaoru Sinoyama, Division Director of Nichia Corporation, 
witnessed the Monthly Reports as shown by his signature on page 2 of Exhibits C and 
D dated prior to October 14, 2002; Mr. Teruji Yamakawa, General Manager of Nichia 
Corporation, witnessed the Monthly Reports as shown by his signature on page 2 of 
Exhibits C, D, and E dated prior to October 14, 2002; Mr. Miyuki Sumitomo, Engineer 
Manager of Nichia Corporation, witnessed the Monthly Reports as evidenced by his 
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signature on page 2 of Exhibits C, D, and E dated prior to October 14, 2002; and Mr. 
Keiji Ichinomiya, Development Department Manager of Nichia Corporation, witnessed 
the Monthly Reports as shown by his signature on page 2 of Exhibits C, D, and E dated 
prior to October 14, 2002. It should be noted that each of the above named individuals 
signed page 2 of the identified Monthly Reports prior to its attestation by the respective 
notary. 

6. In keeping with United States Patent and Trademark Office policy the 
actual dates appearing in the attached Notebook pages, monthly reports, and this 
Declaration have been redacted, but I attest that all such dates are earlier in time than 
October 14, 2002, the earliest possible effective date of the cited references, i.e., the 
Mueller et al. patent and the Delsing application. 

7. Mr. Tomohisa Kishimoto, of the Intellectual Property Department of Nichia 
Corporation, was in charge of drafting all six priority applications to the '085 application. 
Mr. Kishimoto is currently a Japanese Patent Attorney of the Legal & Intellectual 
Property Department of Nichia Corporation. Mr. Kishimoto was asked to draft and file 
the first priority application (JP 2002-301636) on September 4, 2002 which is prior to the 
critical date of October 14, 2002 of the cited references. He diligently prepared a draft 
on September 19, 2002 which was also prior to October 14, 2002, and subsequently 
diligently finalized and filed the application in the Japan Patent Office on October 16, 
2002. Mr. Kishimoto was asked to draft and file the second priority application (JP 
2002-301637) on October 4, 2002 which is prior to the critical date of October 14, 2002 
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of the cited references. He diligently prepared the second priority application which was 
also filed in the Japan Patent Office on October 16, 2002. 

8. I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be true; 
and further that these statements are made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 





Keiichi Gonjou 
Japanese Patent Attorney 




EXHIBIT A 



EXHIBIT A 
AMENDED CLAIMS 
SERIAL NO. 10/531,085 



1 . (Currently Amended) An oxynitride phosphor consisting of a crystal 
containing at least one or more of Group II elements selected from the group consisting 
of Ber-Mg, Ca, Sr, and Ba , Si. and Zn, at l oast ono or moro of Group I V olomonts 
s olo ctcd from th o group cons i st i ng of C, Si, Go, Sn, T i , Zr and Hf, and a rare earth 
element being an activator: R, said crystal having a unit lattice of the rhombic 
erthe rhombic system. 

2. (Previously Presented) The oxynitride phosphor according to claim 1 ; 
wherein said crystal is substantially Al-free crystal. 

3. (Currently Amended) The oxynitride phosphor according to claim 1 ; 
wherein of said Group II elements i n wh i ch Ba i s e ss e ntia l ar e one or more are 

selected from the group consisting of Ca, Sr, and Ba. Ba and Zn and said Group I V 
o l omonts i n which S i i s e ss e nt i a l ar e ono or moro solected from the group cons i sting of 
C, S i , Go, Sn, T i , Zr and Hf, 

wherein said activator R contains Eu. 

4. (Previously Presented) The oxynitride phosphor according to claim 1 ; 
wherein said Group II element and said activator R are in a molar ratio of 1 : 

0.005 to 1 : 0.15. 
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5. (Previously Presented) The oxynitride phosphor according to claim 1 ; 
containing O and N of which weight ratio is set so that N is within a range of 0.2 

to 2.1 per 1 of O. 

6. (Currently Amended) The oxynitride phosphor according to claim 1 ; which 
is represented by a general formula of L x M y OzN((2/3)x+(4/3)y-(2/3)z):R (L is at least one or 
more of Group II elements selected from the group consisting of BeHVIg, Ca, Sr, and 
Ba, B a a nd Z n. M is SL at l east on o or mor e of Group IV e l e ments s e lect e d from the 
group cons i st i ng of C, Si, Go, Sn, T i , Zr and Hf. O is an oxygen element, o l omont. N is 
a nitrogen element, o lom o nt. R is a rare earth element, and wherein o lom o nt. 0.5 < X < 
1 .5, 1 .5 < Y < 2.5, and 1 .5 < Z < 2.5). 

7. (Currently Amended) The oxynitride phosphor according to claim 6; 
wherein said L is i n wh i ch Ba i s o ss o nt i al ar o one or more selected from the 

group consisting of Ca, Sr, and Ba, Ba and Zn and said M i n which Si is o ss o ntial ar o 
ono or mor o s o loct o d from tho group consisting of C, Si, Go, Sn, T i , Zr and Hf, 
wherein said activator R contains Eu. 

8. (Previously Presented) The oxynitride phosphor according to claim 6; 
wherein said X, said Y and said Z are X = 1 , Y = 2, and Z = 2. 

9. (Previously Presented) The oxynitride phosphor according to claim 6; 
wherein 50 weight % or more of said R is Eu. 
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1 0. (Currently Amended) The oxynitride phosphor according to claim 1 ; which 
is represented by a general formula of LxMyQtO z N((2/3)x+(4/3)y+t-(2/3)z):R (L is at least one 
or more of Group II elements selected from the group consisting of Bey-Mg, Ca, Sr, and 
Ba, Ba and Zn. M is SL at loast on o or mor o of Group I V olomonts s o loct o d from the 
group consist i ng of C, Si, G o , Sn, Ti, Zr and Hf. Q is at least one or more of Group III 
elements selected from the group consisting of B, Al, Ga and Jrv, is an oxygen 
element, olomont. N is a nitrogen element, olo m e nt. R is a rare earth element, and 
wherein olo m o nt . 0.5 < X < 1 .5, 1 .5 < Y < 2.5, 0 < T < 0.5, and 1 .5 < Z < 2), 2^ 

1 1 . (Currently Amended) The oxynitride phosphor according to claim 10; 
wherein said L is in which Ba is o ss o nt i al ar o one or more selected from the 

group consisting of Ca, Sr, and Ba, Ba and Zn and said M in which S i is o ss o ntial ar o 
ono or moro so l octod from th o group cons i sting of C, Si, Go, Sn, Ti, Zr and Hf, 
wherein said activator R contains Eu. 

12. (Previously Presented) The oxynitride phosphor according to claim 10; 
wherein said X, said Y and said Z are X = 1 , Y = 2, and Z = 2. 

13. (Previously Presented) The oxynitride phosphor according to claim 10; 
wherein 50 weight % or more of said R is Eu. 

14. (Previously Presented) The oxynitride phosphor according to claim 1 ; 
which is excited by light from an excitation light source having a luminescence 

peak wavelength at 490nm or less, and have luminescence spectra having 
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luminescence peak wavelengths at a longer wavelength side than said luminescence 
peak wavelength. 

15. (Previously Presented) The oxynitride phosphor according to claim 1 ; 
which comprises Ba, Si and Eu and which is excited by light from the excitation light 
source having a luminescence peak wavelength at 360nm to 480nm, and emits light 
having luminescence spectra having luminescence peak wavelengths at a longer 
wavelength side than said luminescence peak wavelength. 

16. (Previously Presented) The oxynitride phosphor according to claim 1; 
which has a luminescence spectra having a peak wavelength in a range of from blue 
green to yellow red region. 

17. (Previously Presented) The oxynitride phosphor according to claim 1 ; 
which comprises Ba, Si and Eu and has a luminescence spectra having a peak 
wavelength in a range of from blue green to green region. 

18. (Previously Presented) The oxynitride phosphor according to claim 1 ; 
wherein luminescence intensity excited by light of 370nm is higher than 

luminescence intensity excited by light of 500nm. 

19. (Previously Presented) The oxynitride phosphor according to claim 1 ; 
which comprises Ba, Si and Eu, 

wherein the luminescence intensity excited by light of about 460nm is higher than 
luminescence intensity excited by light of about 350nm. 
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20. (Currently Amended) The oxynitride phosphor according to claim 1 ; which 
has 2 or more of Group II elements selected from the group consisting of BeHVIg, Ca, 
Sr, and Ba. Ba and Zn. 

21 . (Previously Presented) The oxynitride phosphor according to claim 1 ; 
which contains Sr and Ca in a molar ratio of Sr : Ca = x:y(0<x<10, 0<y<10). 

22. (Previously Presented) The oxynitride phosphor according to claim 1 ; 
which contains Sr and Ba in a molar ratio of Sr : Ba = x:y(5^x<10, 0<y<5). 

23. (Previously Presented) The oxynitride phosphor according to claim 1 ; 
which contains Ca and Ba in a molar ratio of Ca : Ba = x:y(0<x<10, 0<y<10). 

24. (Previously Presented) The oxynitride phosphor according to claim 1 ; of 
which luminescence peak wavelength and color tone are set by an addition amount of 
said activator R. 

25. (Currently Amended) The oxynitride phosphor according to claim 1 ; 
wherein Wh o r o in a portion of said Group II element is substituted with said 

activator R in a molar ratio of (a mix amount of said Group II elements and said activator 
R) : (the amount of said activator R) = 1 : 0.001 to 1 : 0.8. 

26. (Previously Presented) A process for production of an oxynitride 
phosphor comprising; 
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a first step of mixing raw materials containing the nitride of L (L is at least one or 
more of Group II elements selected from the group consisting of Be, Mg, Ca, Sr, Ba and 
Zn, the nitride of M (M is at least one or more of Group IV elements selected from the 
group consisting of C, Si, Ge, Sn, Ti, Zr and Hf), the oxide of M, and the oxide of R (R 
are one or more rare earth elements), and 

a second step of firing the mixture obtained in said first step. 

27. (Currently Amended) The process for production of an oxynitride 
phosphor according to claim 26; 

wherein of said Group II elements in which Ba is ossontia l aro one or more are 
selected from the group consisting of Ca, Sr, Ba and Zn, 

wherein of said Group IV elements i n which Si is o ss o nt i al ar o one or more are 
selected from the group consisting of C, Si, Ge, Sn, Ti, Zr and Hf, 

wherein said rare earth elements contain Eu. 

wherein said oxide of R and said nitride of L are in a molar ratio within a range of 
said nitride of L : said oxide of R = 1 : 0.005 to 1 : 0.15. 

28. (Previously Presented) The process for production of an oxynitride 
phosphor according to claim 26; 

wherein a nitride of R is used in place of said oxide of R, or together with said 
oxide of R. 

29. (Previously Presented) The process for production of an oxynitride 
phosphor according to claim 26; 
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wherein a compound of Q (Q is at least one or more of Group III elements 
selected from the group consisting of B, Al, Ga and In) is further mixed in said first step. 



30. (Previously Presented) The process for production of an oxynitride 
phosphor according to claim 26; 

wherein said nitride of L, said nitride of M and said oxide of M are adjusted in 
molar ratios of 0.5 < the nitride of L < 1 .5, 0.25 < the nitride of M < 1 .75 and 2.25 < the 
oxide of M < 3.75 in said first step. 

31 . (Previously Presented) The process for production of an oxynitride 
phosphor according to claim 26; 

wherein at least a portion of the raw material of said nitride of L is substituted 
with at least either of the oxide of R and a nitride of R. 

32. (Previously Presented) The oxynitride phosphor produced by the process 
according to claim 26. 

Claims 33-47 (Canceled). 
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Mg3N2 
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Eu203 


0.7318 
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20.0268 
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Calculation of mix amount 
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• In CESN, since the brightness is high when the molar ratio of Eu with 
respect to Ca is 0.02-0.04, the Eu concentration is set to 0.03. 
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— • There is no problem 
in calculation of the 
composition ratio. 
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Addition amount of Si3N4: 
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Appearance when taken out 
Backward ... Jjfc-^. r Lj- -h 
of the furnace. . 
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Emitted yellow light at when excited at EX=253.7, 365 
(the brightness was high when EX=365 nm). 
f At the portion^/ there was no light emission when 
excited at EX=253.7, 365 nm, (slightly emitted red 
light). ' ~ I 

-» Too hard to be separated. 4 j 

j The volume is small. about a half of C 1SON- 1 
— ► Too hard — ► cannot be crushed — ► not practical 
-+ stuck to PBN, so that PBN was peeled off-> cannot 
be separated. 



nm 
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Body color on surface: dull yellow — ► No light emission 

(EX=365, 25-) 



Internal body color: red 
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remitted red light 
The brightness was high at EX=365. 
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Temperature properties 
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C1S0N-1 150C 


C1SON-1 RT EX=460nm 
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C1S0N-1 200C 
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Luminescence spectra of (Cao.97Eu 0 .o3)Si 2 0 2 N 2 
(EX=460nm) 



120 



CD 

CO 
CD 
0) 

s 
•a 

CD 
<D 
> 



100 



80 



60 



40 



20 




C1SON-1 
206-01-01 




480 530 580 630 
Wavelength (nm) 



680 



730 



Reflection spectra of (Cao.97Euo.o3)Si 2 0 2 N2 
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Temperature properties of luminescence 
spectra of (Cao.97Euo;03)Si20 2 N2 

EX=460iim 
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EX=400 nm Yellow light emission 
STD=NP230 



Luminescence spectra of (Cao.97Euo.G3)Si 2 0 2 N2 (EX=400nm) 



2500 



=5 2000 



m iooo 



500 





— cison-1 

— 23O-O1-01 EX400 
206-01-01 




420 



520 620 
Wavelength (nm) 



720 



Read and Understood By 



ILL 



Date 




PROJECT. 



(CaO.97* Eu0.03)Si2« 



Noteboo 

Con 



>2N2T ^ «* 






Ca3N2 


6.0074 g 
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92.112 
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Ca3N2 


148.3 
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0.95 


46.949 


2.407 V 


Ce02 
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1 


0.1 


17.21 
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Raw materials- 



Con 



d From Page 



■-t"-i- Refer to pages 17, 33. 



Calcination samples 



— * ;• 



r 

i 



..{ ,_„_] ! 



1 — ■ ; — 



! ; i ! ! ; I : < i • • 



Calcination pattern 



■ ■-}-' ; 



4t;.. 5?.J2- 



J&Jl iJkJrii t-JL^^JPJX ..i<?...ir i 



Furnace 4, PTN=3 used 




PROJECT. 



Notebook 



rom Page 



lie surface 
ras glassified 

A 



m...^. Appearance when taken out 



Intensity of 
yellow light 
emission was 
high at 
EX=253.7nm 
365nm 




This sid e is backward 
of the furnace 



White substance on the surface 
(blue-green light emission). Lighter 
body color compared with the other three. 



- Body color=yellow (gradually 
darker) 

Surface body color=dark yellow 



There were particles emitting red lirfit 
the surface. (The number 
gradually increased.) 

; : I ! ! " ; ; v 

Body color=ocher (gradually 
became yellow) 

Brown spots (insufficient mixing?) 

Yellow light emission at EX=253,7, 
365nm (almost the same intensity) 
(There were particles emitting red 
light on the surface.) 

Only in this sample, grey particles not 
emitting light in the direction where NH 3 
was not contacted. 



on 





From Page . 



..5!... 
5r 



r (Sr0.475Ca0.475C 



ms^m HI7MI antAm wmz'.m 


sm&tm 


;&^fi (g) — 


Sr3N2 


29S).£ 


\ 3 


0.475 


46.056 


2.747 


Ca3N2 


uis 


V 3 


0.475 


23.4745 


1.400 


Ce02 


172.1 


\ 1 


0.05 


8.605 


0.513 


Si3N4 


140.1? 




5.5 


257.235 


15.340 


Total 






6.5 


335.3705 


20.000 



\ (SrQ . 



475Ca0.475Ce0yi5gSi7N1lj} ( hzh'fi 





mmmm 




mmmm 


, (g) I 


Sr3N2 


290.9 




0.475 


46.056 


2.271 




Ca3N2 


148.3 


m 


0.475 


23.4745 


1.158 




Ce02 


172.1 




0.05 


8.605 


0.424 \ 


Si3N4 


140.3 




7 


327.39 


1 6.1 46 \ \ 


Total 








8 


405.5255 


20.000 \\ 


(Sr0.95Ce0.05)2Si5N8 




, taf/0 (Sr/Ca=10 






M.W. 










Sr3N2 


290.9 


-H 


1.9 


184.224 


8.465 | 


Ce02 


172.1 




0.1 


17.21 


0.791 


Si3N4 


140.3 




3 


5 




10.745 










7 




20.000 



(Sr0285Ca0.665Ce0.0JE 









Mkatm 


iS-g-fi (g) S 


Sr3N2 


290.9 


3 


0.57 


55.2672 


2.971 


Ca3N2 


148.3 


3 


1.33 


65.7286 


3.533 


Ce02 


172.1 


1 


0.1 


17.21 


0.925 


Si3N4 


140.3 


3 


5 


233.85 


12.571 
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From Page 



I 1 



i i 




(CaO.97, Eu0.03)Si2O0.5N?ClW- £ (Sr0.97, Eu0.Q3)Si2O0.5N3 TW off. 



1% 



J, 




Ca3N2 


6.4084 g 




.., , 


Eu203 


0.7057 g 


■ - -j — 1 




Si02 


1.8270 g 


SI3N4 


11.0785 g 


: i 


ToTal 


20.020 g 



Sr3N2 


9.6094 g 


Eu203 


0.5394 g 


Si02 


1.3966 g j 


Si3N4 


8.4689 g 


ToTal 


20.014 g 



(CaO.97, Eu0.03)Si2O1N2.7Tci>A>^^ (Sr0.97, Eu0.03)Si2O1N2.77y/JbAr- 



Ca3N2 


6.2689 g 


Eu203 


0.6903 g 


Si02 


3.7513 g 


Si3N4 


9.3088 g 


ToTal 


20.019 g 



Sr3N2 


9.448692 g 


Eu203 


0.53041 g 


Si02 


2.882392 g 


Si3N4 


7.15272 g 


ToTal 


20.014 g 



(CaO.97, Eu0.03)Si2O2N2 T C'l' p,; ^- (C f (Sr0.97, Eu0.03)Si2O2N2T < T/ - 





I 6.0074 g 


Eu203 


0.6615 g 


Si02 


7.3589 g 


Si3N4 


5.9909 g 


ToTal 


20.019 g 



Sr3N2 


9.1428 g 


Eu203 


0.5132 g 


Si02 


5.7096 g 




4.6482 g 


IToTal | 20.014 g 



(Ca0.97, Eu0.03)Si2O4N0.6Tcl' r qfr-<r (Sr0.97, Eu0.O3)Si2O4N0.67/ < n ^c. 



Ca3N2 


5.5448 g 




Sr3N2 


8.5869 g 


Eu203 


0.6106 g 


Eu203 


O.4820 g 


Si02 


13.7407 g 


Si02 


10.8483 g 


Si3N4 


0.1217 g 




0.0961 g. 


ToTal 


20.018 g 




IToTal | 20.013 g 





/ i 




- : 1-^4-- 


i 




! ! f 

* i . -i : 




I ! ; 




« i ! 

! | S 



I 
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MSN:Ce calibration tests 



^^LtU 
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n 



Object 



L . . I .. .! . i 
? ! i i 



■ i - 



r-r 

i i 



Changing the Sr, Ca/Si ratio in SrCaSisNstCe to confirm properties. 

i i S i • L. ' L. L - i ^ l 

Changing the Sr/Ca ratio in (Sr, Ca^SisN^Ce to confirm properties. 




5 ... - ; 

j 

I _ ; 
i i 



3*, 



i - 




! > 1 

1 i • 


! ; 

! 




i 
I 


1 : 


i ; 
| j 




" i ■ 

• 


• . — 

I 
i 


j 

■i - • ■ i - 
i 


■ * 

— r r 


■' 

! ■ * 
, _ + _. 



i 5, „ Taken out 

ic-&C£_ , . 
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Feed amount 



! 
t 



...i — 



! 

" 'i 



4- 2.: 



From Page 
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4«! 



jjBfefiU-.j j K i^Z., 

7u 



.22-0 i ! — 



i - 



Appearance when taken out 



— • : Z 



"~IrT 




deficienny nf 5=t 



NH3 smell was considerably strong 



j Particles emitting blue light and those emitting green light were cloudy. 



Many particles 
emitting red light 
on the surface 

Contamination of Eu? 



— L. 



Yield 



TMCSN-l 
TMCSN-2 
TMCSN-3 



TMCSN-4 
TMCSN-5 



TMCSN-6 
TMCSN-7 
TMCSN-8 
TMCSN-9 



Body color 
light brown 

-light green 

light green 



Ex=253/7 ™™ 



EX=365 NM 



cloudy white 
brown 



light green 
cloudy white 
cloudy white' 
cloudy white 



emission of blue glimmering emission 
light of blue light 

emission of green \ - glimmering emission 
light \ of green light 

the brightest of the 

three, the other / Brightness: #2 
two were the s am e./ 

#3 

no light emission — ^ no light emission 
emission of green glimme ring emission 
light of green light 



gradually became 
weaker 



gradually became 
■weaker 
_ £>no light emission 
vi^no light emission 



Surface 



Internal 



...i... 



.....1. J... _i_ JziiiUlX3-C-_.it_UAZ^.jL ^2-i_L. 
i:j..±J^i.Li_^....rr .;. !/MLl 
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Oxynitride^ppj 



ctivated with Eu and Mn 



; , t . ; r 4 : l l i 4. : : J l ' L. ' 1 

\ . J : Coactivating oxynitride with Eu and Mn to confirm properties 

J J s j j j i j [ j j j j j I i i I ; j * ! _ ^ I 



I. . .. L 



Object 



jntinued From Page 



~"T 



1 :. 
[----> f- 



! 



"T" 

-- 1 -i 



Objective compositions 



j j I ; j . j i j ! j : j 1 : ^ j j ; . f " 



-+ ?•■ 



1 j i j i j , .] j j 1 ; j ; . ; fTT r ~T 



. j ..4. [ 






1 


I i ! I 1 








r f 


i •!• :ti> 












i.J-i 7l 




! 



i 
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From Page . 




IT 



o jf j>o jV T-H" 7;^ 



Taken 
out 



1 



Tendency of glassification -►. Although very hard, can be crushed with a 
mortar. Body color: dark yellow 

Uniformly calcined until the surface (however, there was a slight 



r- amount of an extremely hard brown portion). 



..j„. 

i 



.1 j- 



L .. . 



r 1 r 

4--1 U- 



Tendency of glassification — ► Although very hard, can be crushed with a 
mortar. Body color: dark green (looks like darker than that without Mn) 
Uniformly calcined until the surface (however, there was a slight 
amount of an extremely hard brown portion). 




i i 



J. 



^^^* ~ ***** * — - 



Date 
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Mg mixed crys 
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... Object 



S 
1 



Mixing Mg with the mother body to confirm respective properties. 

__i j. j 1 = _ ! : . i ' . " .. j - - L XC ( : 



J...... 



i_ JP- Raw materials Ca0.97Eu0.03Si2O2N2 TCjj&M' 20 Ca0.87Mg0.1 EuCL03Si2O2N2 



I" 



p.. 



- i- 



Ca3N2 


6.0074 g 




Ca3N2 


5.4400 g 


Eu203 


0.6615 g 




Eu203 


0.6679 g 


Si02 


7.3589 g 


Si02 


7.4300 g 


Si3N4 


5.9909 g 


Si3N4 


6.0470 g 


ToTal 


20.0187 g 




Mg3N2 


0.4259 g 


Sr0.97Eu0.03Si2O2N2 TPljPo&-r*> 


Sr0.87Mg( 


3.1Eu0.03Si2O2N20 


Sr3N2 


9.1428 g 




Sr3N2 


8.4610 g 


Eu203 


0.5132 g 


Eu203 


0.5296 g 


Si02 


5.7096 g 




Si02 


5.8920 g 


Si3N4 


4.6482 g 


Si3N4 


4.7980 g 


ToTal 


20.0139 g 


/9&^ 


Mg3N2 


0.3377 g 



t)3, 2.07 



£j Calcination pattern 



-J- ~u 



Furnace 1 

1 /VU l/Mkl 





" i 
1 


!' ! 


.... 




; i 





... 


1 




■ 1 




Backward of the furnac 

Continued on Page 
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Oxynitride phosphors 



Calcination of MgSi 2 0 2 N 2 :Eu, BaSi 2 0 2 N 2 :Eu 



# Object 

Calcining MgSi 2 0 2 N 2 :Eu, BaSi 2 0 2 N 2 :Eu to confirm properties as novel 
phosphors. 



Raw materials 



Mg3N2 


4.526 


Eu203 


0.731 8 


Si3N4 


6.627 


Si02 


8.142 


Total 


20.0268 



7 MQi $o/V-i 

% Calcination pattern 

MOTOYAMA furnace 
?JH =- 





Ba0.97Eu0.03Si2O2N2 



Ba3N2 


11.20 


Eu203 


0.4159 


Si3N4 


3.765 


Si02 


4.627 


Total 


20.0079 



f I toy- J 





3° c c 



?A J-! 2 - 7<P t '^ Taken out 



^ Feed 

Backward of the furnace 
& Feed amount 





TM<3 /Pe/V - 1 

T&4 /$oa/ ~- I 



2-2.2. 
22^ 



— -2..S- 

- ^ 



- /*7* 



Appearancc-when taken out 

TMG1SON-1 fMe) 
Body color: light ocher 

EX=253.7 nm Body color: white, only a part of the body emitted 

light blue light. 

EX=365 nm Ditto 

In both cases, equal brightness 

TBA1SON-1 (Bal 

Body color: dull yellow 

EX=253.7 nm Non-light emitting particles and those emitting green 
color light were mixed. Not possible to determine from their body color 
EX=365 nm Ditto 




EXHIBIT C 



02-K-379 



rnx^s (R3-D j iz-D^x 



m&^Hm rt?-t wiffl 491 100 




,7- , ;v / 



04FR3-002(flfeKftt*B 






7 


8S 


9J3 1 


to 15 1 


fAG-IMt** 


SIS UP, fl-^afcft 












^t'OKi-'afeft 






tftBESBBGS-4V/v* 


















T "7 




a * s jS 




a > > h 


led mg-otimft 




•ft, VtxrtlVMV' Red a>«B»-***«MM=IBSB*. 





V 7/1 8YAG *0^=j?j£3:5» 

LED ffl YAG <DB^^tLTIdU WSA^C^©^o_t=feSfflSU 

®aff±iji 

7£j£fMU 

Bfl 3~5fH>ft. 



1. HhTfKaifei* 



- 1 ^JM^±MM^To^~(B^^y3^P.^^. 



®»tffl^>?* 

B^ae^ A w^LEDKff, w 





(HFR3-002(*§3£fl?i&B. 



w*=>- 



m tfc i? £ 



(^>Ua>t4vt'fF7'fK(Eu#S-_ .G/e?nr Yellow) 



|Ktefl!>S*#« LAI ^400nm+CCA^ 



ft LED SKtto 400nm+CCA+YAG <B#?J 7SK0)tt*. jS*®!^?^* 

®§r.^**W¥ - - 

•Timminco It Sr M 4kg »*|^5 WJ.^?t® i<?9.». - 



No. 
a * > h 



2/: 



©Sft LED aft: YAQC*T) . 



■"iSsW-OI *f7**< 206-23 ^^^^.f.oJi^^S^&S^.. .^5^. 



^SUP?B A fe8S|^S*$S^3So 

■^rsffo^a&y. spec M&*^f3te£s_fiM~?--?-B?M^z? 



^AQ*ftttW) - 

•LED a YAG J»L,T. Mg*^<-.ff^^gP.gV.Vg_r.? tf m S^ts 



ftP^XL/. I««TjW£*.J!W*^ 



.^AQTi-yUWSSW - 

©BMSE(Ba_,MgvU*7^ 

•400nmLED HjBT?, 9E£. <^ K^SflE .fcE****^**] 



liisispj^ p.c??r;Pi | ]b.^^.W3i^^s - 



...J 



3. ^ffinO**- 



©^AW-^b^Ctl^) - 



i!L®@^Jb^«c<^.#M^^» - 



<2WZt»(a3«ffl;*JH) - 



I 

I 

I 

"I 



' 9 *J^A9??]r.f?.f^^.? ■ 



- a/sic ftflttM, 



•EDX. FT-BR ^ttJ^*r]**|W^^ 

wdx ■ecjttWW. 



^^y'^l^lT-^^A^E:^^- 



K3 
*«* 
— a 

w 
_j 

ST 

..p 

E 

£ 
m 



"Q 

4 s 



'4} 
HI 



4. VFD fflifr^ RED -Lu202S: & *ft^ff 2 7#! 



















lKI«SB-Sll»!4gfi£« 








0 






If- V-aa^ 


i 
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CESN©«S1fci:Ur» CaSi202N2:Eu £ 5 ftfe3B3fctt?-**» b^VCl * 5. i «>«3te*r«: B fc 

♦ gggfc PDF file ^fa*&<OfoSTia®~® : &^l-fco (Top Temp.=1600'C, NH3 3?H^0 
(D (CaO.97, Eu0.03)Si2O2N2 © (CaO.97, Eu0.03)2Si3O2N4 

(D (CaO.97, Eu0.03)3Si2O4N2 © (CaO.97, Eu0.03)4Si4O9N2 



BodyColoi=YeUow«, ^fe3§Jt«5t*. EX=400mn Y=911% (STD=206-01-0l) 



*ffi«£i=- : BodyColor=< -TA,*: Yellow. EX=253.7, 365nm -C3&#f&U 

ftW&f- : BodyColor=Red, EX=253.7, 365nm T-fSfeSS^fco #7 Mfcjggl-jL^-C^^^Tgo 



® 



BodyColor=YeUow„ 253.7, 365nm -?5g=F&m&fto Air *p-?'Qtigtf Z o 



® 



BodyColor=^ V — A-fe, 253.7, 365nm T?3gjte IS U t£:£^ g 7 ^Mb> 



»( Dtt 400nm BiB 6fe LED fflHtftfr £ UTSlffl^O-BTIBIft****** ®~®tt# 7*ftrt-*fc**ffl 



CaSi2Q2N2:Eu fifeffcBftffe 



400nm ®J® 6 LED ^c75#Al-fa »t, CaSi202N2-Eu «0#tt up Sr g Jti". 

iiaj£=(Ca0.97, Eu0.03)Si2O2N2, Top Temp -1600^;, ^j£#ffl^=NH3 
Y=911% (SrD=206-01-01) 



Eu m*tfc=0.06, 0.09, 0.12 



Top Temp.= 1500'C, 1400t: 





NH34N2 (2^ y> MS. 1.28 fgKC up„ Yf1174% (ST'D=206-01-01) 



Top TemJ^TK «t 9 »&{£T. Y=710% (1400t, STD=206 : 01-0l) 



Ca/Sr Jt=5/5, 0/10 



Ca^r^0/10 -CffgtfS 1.49ffirlw up. Y=1357%.(STD=206-01<>1) 



©fl-S^ISES — Eu&K&iH^ Ce. Pr, Tb. Mn, Sm If •,. 

©m^CO^IE — i • Mg, Ca, Sr, Ba & . Si, B, Al. Qa ; .Ia. 

<a»H*«>**flS — 'N2/NH3 fcfc. N2/H2 it 



,ni . iGa/Si/O tt: 

:.:'•■«> v;h. :rv " ^' !s . 




EXHIBIT C1 



;,j0^^2(®5£f^H:2002. 4.) 

No. 1/2 



*3-i1 ^ 



: m m m 





sal* 



ens R3-1 



* *r v jl — ;u 





7J3 


8S 


9£ I 


10 £ 


























1 #1^7 

















« * £ 



=i j» 1/ I* 



LED fflSgft{*gf}§S 



<^&&£®wk " : 

:7jHW»u_. 

■8£3~5fr^5£. 



1. «F5<Kttlfc* 



Pre 9>t lot 
Indent i0A 



,^ftZ(Ktt^ 

■ 1 aGBV^Ajf&TJ^ 



<BB^*#* 

LED, WS&ft LED Kf^X7jft^*. 



\*559£5f!3^^ 

• J^st^|9 A^^^ir 5^i&JN^ 



04FR3-002(£|x£f£fi£B 



m t* g j 



•PS UP 



3 * > h 



M 



•400nm«ftKC YAG 



ft LED 400nm*CCA+YAQ ©tt 7»©^o *TO^^V.« . 



•Timmirwo « Sr # 4kg XJK jBW*!^. .!£?-•.. 



©YAG 3fea(*tW . 



•LED Efi YAG ^L-T . Sfe!i<S<. jp_afffj5tt>fttV 6-7 m <Z)3 



@^ag 7--/jws» 



§msEma^}i^}^X7y^j^ji^:^.^^^). 



3. i»\T^- 



•9 e tOOPiF.©^^^.^?.''. • 



feii. wdx wa^/i^^j^!^!*; 





'"■wiwiiii^ 



IS.- 
E 

i 

4* 



38 I 

^ • 

cffi 

a - 

a- 



4- VFD JEERED .Lu202S:Eu «jlWW*fK 7/31J±l^._ 



<^prz soft U ven 





























f 
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CESN <OiiJffi#) k U-C, CeSi2Q2N2:Eu £ 5 ^fe*^^^ £ CD*^Sr I £ 

♦jgB PDF file Kfa&CDfc 5 TE(D~<S> fcffttl Ufco (Top Tfemp.=1600 < C 1 NH3 #B^) 
© (Ca0.97, Eu0.03)Si2O2N2 © (Ca0.97, Eu0.03)2Si8O2N4 

@ (Ca0.97, Eu0.03>8Si2O4N2 © (CaO.97, Eu0.03)4Si4O9N2 



♦asm 



© 



BodyColor=Yellow 0 ftfe^fe^Jfe^ EX=400nm -^faffi.^ Y=911% (STD=206-Ql-0l) 



^Wt^f- ■ BodyColor=< TA*t£ Yellow,, EX=253.7, 365nm T?5&3£«L-o 

rtSB^t^f- : BodyColor=Red> EX=253.7, 365nm -ggfcfeSSjfe. #7 Mfc^fi^gL#'Cg>l&8 !!;; F 1? r3&> 



BodyColor=Yellaw 0 253.7, 365nm -e^=Fjg^3t. Air «p-e5K§g-T5o 



BodyColor=^ JT — A-fe. 253.7, 365xun ff&jfcjlLo gB^ff^^Mk 



^© ^4oonm @isa& led M&itftt ^xmrnit^mm^itfi, ©-©tt^^^ei-sfc*^ 



lCaSj2Q2N2:Eu 



♦ gfit) 400nm @r@ 6 "fe LED —tO^Al-fa ft, OaSi202N2:Eu <Z>*SH4 up S: © Jg-t\ 

: i&fig=(Ca0.97, Eu0.03)Si2O2N2. Top Temp.=1600t, #£j£#ffl^=NH3 
Y=911% (STD=206-01-01) 



Eu 3aj£Jfc=0.06, 0.09. 0.12 



«S^B^=N2 



Top Temp.= 1500*0, 1400t 



Oa/SrJt=5/5, 0/10 





N2 



r± *> m& 1.28 flSl:: up. Y-1174% (STD=206-01-01) 



Top Temp.'gTl- J: 9 ]®g(6T. Y=710% (l400t:, STD=206 : 01-0l) 



Oa/Sr=0/10 "e^gfl* 1.49 up. Y=1357%.(STD=206-01-j01) 



©fcttSSfliEE — Eu JgKfibS-ffcx Ce.Pr, Tb.Mn, Sm - ••• ^V 1 * - V.- 

©fflJ*OTgH -i. Mg.Ca.Sr.Ba a. SL B, Al,<^j.fe^.^. r 

©^a^ias-ft — n2/nhsh:. N2/H2 tt : .,.„.^;^;i-^.- rr: _ 




I 
I 



EXHIBIT C2 



02 



Regarding "Development Monthly Report (R3-1)" 



491-100, Oka, Kaminaka-Cho, Anan-Shi, Tokushima-ken 
Nichia Corporation 

Deputy of Intellectual Property Department Manager 
Ichiro MATSUSHITA 



CO 
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Monthly Report [July 2002] Division R3-1, Name: Masaru 

TftKASHIMA 

Calc±nation test for calcium oxynitride| 

Cbject: As a by-product of CESN, luminescent particles of 
CaSi^N 2 :Eu, which emit yellow light are obtained. To produce this 
phosphor as an objective substance , and experimentally produce 
oxynitride phosphor having another composition for searching the 
possibility of its application as a novel phosphor. 

Experiment; The following substances CD-® described in the PDF file 

were produced. (Top terrp.=1600°C, NH 3 atmosphere) 

CD (Cao.*7, Euo.03) Si 2 Q2N 2 <D (Cao.sr?, EU0.03) 2Si3Q2N 4 

(D (Cao.sn, Euo.Q3)3Si204N 2 ® (Cao.gr?, Euo.03) 4Si 4 09N 2 

Results : 



(D 


Body color^yellow, phosphor emitting yellow light, high brightness 
excited at EX=400rarwY=911% (STD=206-01-01) 




Surface particle: body color=dull yellow, no licfrt emission excited at 
EX=253.7, 365nm 

Internal particle: body oolox— red, red light emission excited at 
EX=253.7, 365nm, tendency of glassification -* cannot be crushed in a 
xnortor 


® 


Body color=yellow, a little yellow-green light emission excited at 
EK=253.7, 365nm, will nature in air, completely glassified liquified, 
flowing out, and damaging the furnace tube and PEN boat 


® 


Body c»lor==cream color, no light emission excited at EX=253.7, 365nm, 
completely glassified 



.* (D has the possibility of practical application as the phosphor for 
400nm excitation White color LEDs. However, since glassification 
occurs in (D to ®, the possibility of practical application is low. 

Calcination test for CaSi^^iEij 

Cbject: In preparation for introduction to the 400nm excitation white 
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color LEDs, to inprove properties of CaSi 2 02N 2 :Eu. 

Experiment: Conditions shown in the following table were changed from 
the normal calcination conditions. 



Normal calcination conditions: cotposition= (Cao.gr/, Euo.03) Si 2 Q2N 2 , top 
temp.=1600°C, calcination atrrosphere=NH 3 , Y=911% (STD=206-01-01) 



Condition changes 


Results 


CcrrpDsition ratio of 
Eu=0.06, 0.09, 0.12 


The highest brightness with the composition 
ratio=0.03 (normal product) . -^requiring detailed 
optimization 


Calcination 
atmDsphere=N 2 


By NH3 — ► N 2 , the brightness was increased 1.28 times. 
Y=1174% ( ST' D=206-01-01) 


Top terrp.=1500*C, 1400°C 


By decrease of top taiperature, the bri^itness was 
reduced. Y=710% (1400°C, ST' D=2 06-01-01) 


Ca/Sr ratio=5/5, 0/10 


Due to Sr mixed crystal, light emission shifted to 
green 

With Ca/Sr=0/10 f the brightness was increased 1.49 
times. Y=1357% ( ST T D=2 0 6—01—01 ) 



Schedule: In preparation for improvement of the properties and 



patent applications, the following ® ~ ® will be conducted. 

© Change of activator — optimization of the Eu concentration, 

activated with Ce, Pr, Tb, Mn, Sm and the like 

(2) Change of composition-^ i. Mg, Ca, Sr f Ba 

ii. Si, B, Al, Ga, In 

iii. Ca/Si/O ratio 

© Optimization of atmosphere — N 2 /NH 3 ratio, N 2 /H 2 ratio 
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Calcination test for oxynitride-base phosphors) 

Object: To optimize calcination conditions and to confirm the 
properties , aiming introduction of MSi 2 Q2N 2 :Eu (££=Ca, Sr) that is a 
phosphor emitting yellow light to a white color LED, and granting of 
patent rights. 

Experiment: Under the calcination conditions vdierein the highest 
brightness was obtained so far, optimization of the Eu concentration 
and the Sr/Ca ratio was performed. 

[calcination conditions; composition = M ( i- X )Ei^Si 2 C^N2 (M=Sr/Ca) , top 

temperature=1600°C, calcination atmosphere=N 2 ] 

Results: 

(£) Change of Eu concentration [Sr^-xjEtaxSiaCkNa] 

The optimal Eu concentration differed depending on the 
wavelength of the excitation light. (Figs. 1, 2) 

The peak wavelength was shifted to the red side, acccnpanied by 
an increase of the Eu concentration, and the chromaticity was also 
shifted to the red side. (The same tendency at EX=400 nm, 460 rati.) 
(D Change of Sr/Ca ratio tSrxCa (0 .?7-x)Euo.Q3Si2Q2N2] 

The luminescence efficiency was improved by an increase of the 
Sr/Ca ratio, and Sr/Ca = 7/10 exhibited the highest luminescence 
efficiency- (The same tendency at EX=400 nm, 460 nm. ) 

The peak wavelength was shifted to the blue side, accompanied by 
an increase of the Sr/Ca ratio, and the chromaticity was shifted to 
the green side. (The same tendency at EX=400 nm, 460 nm.) 
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Y(%) 


E(%) 


Q(%) 


X 


y 




400nm 

(ST'I>=230- 

01-01) 


101.1 


86.4 


90.4 


0.372 


0.593 


544nm 


460nm 

(ST'D=206- 

01-01) 


92.5 


75.9 


72.4 


0.400 


0.578 


550nm 



Table 1 luminescent properties of samples with highest 

luminescence 



Comments ; 

The increase of the Eu concentration greatly improved the 
luminescent efficiency when excited at EX=460 nm, reaching a level 
from which it is possible to target the introduction to the white 
color LED (EX=400, 460 nm) . Further, there was a report (from R3-1 
SOKJE) that the lifetime characteristics of the LED were deteriorated 
by the cciribination of the YAObase phosphor + the inorganic binder. 
This also proves the advantage of the oxynitride-base phosphor. 
Further, the analysis results of the TG v^iite color LED (SQi SAKAKE) 
suggests the possibility that TG use oxynitride as the phosphor 
emitting yellow light. From the above viewpoint, we aim to improve 
the properties of the present phosphor, and obtain patent rights . 
Schedule: 

(D Alkaline earth metals other than Sr, Ca are introduced. 
(2) B, Al are doped into the Si site. 
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Fig. 1 Changes in luminescent properties depending on Eu concentration- 
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Fig. 2 Changes in luminescent properties depending oil Eu concentration 
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Fig. 1 Changes in luminescent properties depending on Eu concentration 
Ratio (%) 
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Fig. 2 Changes in luminescent properties depending on Eu concentration 
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Monthly Report Division R3-1, Name: Masaru 

TAKASHTMA 

Investigation of oxynitride-base phosphors) 

Object: To introduce MSi 2 02N 2 :Eu (^alkaline earth metal) to a 
white color LED, and confirm properties, while aiming granting of 
patent rights. 
Experiment: 

(D Introduction of M=Mg, Ba 

From the experiments conducted so far, it has been found out 
that the brightness Xp is changed in the case vtiere the position of M 
is Ca or Sr. This time, (Mg 0 .*7,Euo.a3) SisfkNa and(Bao.g7,Euo.o3)Si2Q2N 2 
phosphors are prepared, and their respective luminescent properties 
are confirmed, 

(2) Preparation of sanples with the highest brightness 

From optimization of the Eu concentration and the Ca/Sr ratio, 
the composition achieving the highest brightness when excited by light 
having a peak wavelength of EX=400nm was (Sro.672/Cao.288/ Euo.o4)Si2QzN2. 
Phosphors of this cortposition are prepared and by further performing 
acid treatment and classification, the current sanples with the 
highest brightness are prepared. 
Results: 

® Introduction of M=Mg, Ba 

As shown in Fig. 1, the luirdLnescence intensity reached the 
maximum in the case of Sr (there was almost no luminescence in the 
case of Mg) . Further, as shown in Table 1, it was found that as the 
ionic radius of the alkaline earth element became larger, Ap became 
shorter. 
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Ionic radius ( (A) ) 


0.78 
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Xp (nm; Ex-400nm) 
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Table 1. When respective alkaline earth elements were used 

(D Preparation of sanples with the highest brightness 

The highest brightness at EX=400nm was obtained. However, at 
EX=460nm, the reduction of brightness occurred by the treatment. We 
consider that the reduction of brightness is attributable to the fact 
that the treatment includes crushing and . sieving processes and an 
increase of reflectance near 460mn due to an increase of surface area. 
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Table 2 Luminescent properties of samples with the highest brightness 



Fig- 1 Luminescence spectra of (Mb.*, Euo.cs) SizQzNz 

(EX=400nm) 
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Fig. 2 Change of reflection ■ excitation spectra by treatment - 
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[Tables and Figures] 

Table 1. When respective alkaline earth elements were used 
ionic radius (A) 

Table 2 Luminescent properties of saitples with the highest brightness 

Fig. 1 Luminescence spectra of (Mo.?7, Euo.03) Si^^ 

(EX=400nm) 

Fig. 2 Change of reflection • excitation spectra by treatment 

before treatment (excitation) 

acid treatment + classification (excitation) 

before treatment (reflection) 

acid treatment + classification (reflection) 



